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SWEPT-WING FIGHTER-TYPE AIRPLANX AT MACH

NUMBERS BLTWEEN 0.36 AND1.45

By Chester H. Wolowicz

SUMMARY

As part of the flight research program conducted by the National
Advisory Committee for Aeronautics on a swept-wing fighter-tyye airplane
not equipped with an auto~tic pitch d~erj Pulse maneuvers were Per-
formed at altitudes from 10,000 to 40,000 feet over a Mach number range
from 0.36 to 1.b5 to determine the longitudinal stability character-
istics and derivatives for an original-wing and an extended wing-tip
configuration.

The longitudinal dynamic behavior of the airplane during simulated
combat maneuvers’at altitudes of 30,000 to 40,000 feet was not considered
satisfactory,es~cially at supersonic smedsj because of insufficient
pitch damping.

The addition of the wing-tip extensions caused a slight favorable
shift in the aerodynamic center of the airplane. The static margin of

the extended wing-tip configuration is of the order of 12-percent mean
aerodynamic chord in the subsonic region and 2$Lpercent mean aero-c
chord at Mach numbers above ‘1.2.

Wind-tunnel data for the two wing configurations investigated showed
good agreement with transonic flight results for the lift-curve slope
and the static stability derivative C%; poor agreement was evident in

the supersonic region.
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INI’RODUCTION
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The static and dynamic longitudinal stability characteristicsand
derivatives, as determined from flight pulse data, for two wing con-
figurations of a 45° swept-wing fighter-type airplane capable of flight
well into the supersonic region are presented in this paper. Stabilizer
pulse data employed were obtained for an original-wing configuration and
also for a configurationwith a l-foot extension of the wing tip. All
data were obtained within the 10,000- and 40,000-foot levels over the
Mach number range from 0.36 to 1..45at the NACA High-Speed Flight Station
at Edwards, Calif.

The results of the flight data analysis are compared with available
wind-tunnel data which have been corrected for the momentum effects of
the intake air of the jet engine.

This paper constitutes one part of a general flight investigation
of the stability, performance, and aerodxc load characteristics of
the airplsne. Results of some other investigationshave been reported
in references 1 to 4.

SYMBOLS AND COEFFICIENTS
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normal acceleration, g units
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pitching-moment
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Pitching moment
coefficient,

l/2pv%

static margin, mean chord units

longitudinal stability derivative

equations, per deg in figures

acm
—, per radian in
&

acm
—, per radian

()
3$

acceleration of gravity, ft/sec2

pressure altitude, ft

moment of inertia of airplane relative to pitch axis, Slug-ftp

horizontal stabilizer deflection, positive tirection when
nose of stabilizer is up, deg

mass of airplane, ~
g’

slugs

Mach number

period of damped natural frequency of airplane, sec

pitch rate of airplane, radians/see

pitch acceleration of airplane, radians/sec2

wing area, sq ft

time reqtired for transient oscillation
amplitude, sec

time, sec

to damp to half
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airspeed, ft/sec

weight of airplane, lb

angle of attack of airplane, angle between reference body
axis and the relative wind, per radian in equations, per
deg in figures

rate of change of angle of attack with time, radians/see

inboard slat position, percent of f~lY oPen Position

outboard slat position, percent of fully open position

ratio of actual damping to critical damping

mass density of air, slugs/cu ft

AIRPLANE

The test airplane is a fighter-t~e with a 45° swept wing and a low
horizontal tail. It is powered by a single turbojet engine equipped
with an afterburner. A three-view drawing of the airplane with the orig-
inal vertical tail is shown in figure 1. Figure 1 also shows a dotted
outline of the ting employed in the etiended-wing configuration. A photo-
graph of the airplane is shown in figure 2. The wing-tip extensions
were added to increase the static margin and improve the stability for
the external wing-mounted fuel-tank configuration. The airplane was not
equipped with an automatic pitch damper.

The data for the original-wing and extended wing-tip configurations
were obtained with several different vertical tails mounted on the air-
plane at various times during the tests (ref. 4). The effects of the
changes in the vertical tails on the longitudinal stability character-
istics are considered negligible.

The airplane is equipped with automatic leading-edge slats installed
as five interconnected segments. At 40,000 feet, the slats were open at
Mach numbers below 0.84 for steady flight; the slats started to open in
response to air loads at angles of attack of 4°, 5°, 7°, and 8°) at Mach
numbers of O.&, 0.94, 1.03, and 1.08, respectively. At 20,000 feet, the
slats were open at Mach numbers below 0.72 for steady flight; the slats
started to open at angles of attack of 4° and 6° at Mach numbers of 0.72
and 0.86, respectively.
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The physical characteristics of
in table I. The estimated variation

5

the two configurations are presented
with airplane weight of the moment

of inertia relative to the pitch axis (fig. 3) is based on the manufac-
turer’s estimate for design weight snd empty weight conditions (ref. 5).

INSTRUMENTATIONAND INSTRUMENT ACCURACY

Standard NACA instruments were used to record airspeed, altitude,
mitchinz velocity and acceleration, no-l acceleration~ angle of attack)
control-surfacepositions, and leading-edge slat positions. The angle
of attack, airspeed, and altitude were sensed on the nose boom. AIJ
records were synchronized at O.1-second intervals by a common timing
circuit.

The pitch turnmeter used to measure the pitching velocity and
acceleration is considered accurate to within H.5 percent of range.
The turnmeter mounting direction error 1S 0.5° or less.

The indicated normal accelerometer readings were corrected to the
center of gravity. The accelerometer is considered accurate to within
ifl.5percent of range.

The vane-type pickup for measuring the angle of attack was mass
balanced and had dynamically flat response characteristics over the
frequency range of the airplane. Although the pickup is statically
accurate to #.lO, the indicated angle of attack has been corrected
only for pitching velocity to the center of gravity of the airplane.

The ranges, dynamic characteristics,and scales of recorded data
for the angle-of-attack,velocity, md acceleration instruments are:

Quantity

CL, deg

q) radi~s/sec

~, radians/sec2

%-v g

Range

-20 to 40
*005

+1.0
-1 to 7

Scale of
recorded data

(per in.
deflection)

10.0 to 10.55
0.99 to 1.075

1.38t0 2.16
4.48 to 5.93

Undamped
natural

frequencies,
Cps

8
7t08

14
19

Damping ratio

0.70
0.65

0.65
0.55 at 10,000 ft
0.48 at 20JO00 ft
0.43 at 30,000 ft
0.38 at 40,000 ft
0.33 at 50.000 ft
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Control-surface and leading-edge slat positions
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were measured by
standsrd control-positiontransmitters. The control-surfaceposition
transmitters were 11.nked”directly to the control surfaces and are con-
sidered accurate to within W. 1°.

The nose-boom installation for measuring the airspeed was calibrated
by NACA radar phototheodol-itemethod. The Mach numbers presented are
considered accurate to ti.02.

TESTS

The test procedure for this investigation consisted of recording
the airplane response to abrupt stabilizer pulses performed with the
other controls fixed. In all instances the pilot attempted to maintain
constant Mach number and altitude and to prevent movement of the control
surfaces during the transient portion of the maneuver. Figures h(a) and
4(b) present typical time histories.

The stabilizer pulse maneuvers were generally performed at lg * O.lg
conditions; however, for the original wing configuration at Mach numbers
above M = 1.05 the maneuvers were performed at various load factors
and altitudes from 40,000 to 35,000 feet. Pulse maneuvers at Mach num-
bers greater than 1.35 were performed following a pull-out from a dive.
The followlng table IJ.ststhe altitudes and correspondingMach number
ranges for which data were obtained for each configuration:

F
Configuration

Original wing

Extended wing

Altitude, ft

40,000

}

40,000
30,000
10,000

Mach nuniberrange

0.77 to 1.45
0.79 to 1.26
0.53 to 1.03
o.36to 0.93

ANALYSIS

A preliminary study of the data showed no significant nonlinear
influences, hence linearized, small disturbance, short-period forms of
the longitudinal equations of motion of the airplane constituted the
basis of the analysis.

The time-vector method of analysis (refs. 4, 6, 7, and 8) was employed
to determine the derivatives. Because of the lack of reliability of the

(
determined values of ~q + ~), this qmtity iS not presented.
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The magnitudes of
c% (

and C
)

+C%, as determined by the time-
‘q

vector method of analysis, were spot-checkedby using the following equa-
tions and were found to be in agreement.

(1)L’)SJ+2+(%T!c%=-~’p

(c% ,Iyv-’[$tg+] (’)
+ c%)‘ (q’p,’) Sc

The original-wing area was employed in analyzing all flight data.
To convert the derivatives of the extended-wing configurationto the
actual wing area and wing-chord basis, the

%
derivative should be

multiplied by 0.98,
%

by 0.99, and
(%J. + %&) by ,.O,O

In fairing the test points to obtain a constant altitude, lg curve,
consideration was given to the influence of altitude and load factor on
the test points when the test points were obtained from maneuvers at
other than the desired altitude and load factor conditions.

PRESENTATION OF RESULTS

A summary of the figures presenting the results of this investi-
gation is:

<
Figures

Period
Trim, ~d

Static and dynamic Comparison
longitudinal with rating

Configuration
a damping derivatives criteria

Original wing, 5’ 6 7 ,,-

hp = 40,000 feet

Extended wing, 5 8 10 9

hp = 10,000, 30,000,
40,000 feet

Influence of wing- - 11 1’
tip extensions .
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The variation of trim u with Mach number shown in figure > for
three distinct altitudes has been included not only to show trim u but
also to aid in estimating the probability, during the pulse maneuvers,
of the automatic opening of the slats when use is made of the information
previously presented in the section describing the airplane.

On the basis
smooth and normal

DISCUSSION

Original Wing

of available data the period curve (fig. 6) shows a
large decrease in the Mach number region between 0.85

and 0.95, followed by–a more gradual decrease to the highest Mach num-
ber. The damping ratio ~ (fig. 6) shows an appreciable decreare in
the Mach number region between 0.85 and 0.90. In general, C IS pri-

marily a function of the air density p and the aerodynamic derivatives

~~;c~)’ C%, and ~
as shown by the following approximate

expression based on approximationsof equations (1) and (2):

Thus, the primary causes of the large decrease in the damping ratio in
the Mach number region between 0.85 and 0.90 are the large increase in

c%
in the transitionalMach number region and the decrease in

(c% + %&), which are shown in figure 7. In the subsonic region, there

is some uncertainty in the value of the damping; therefore, fairing the
TI/2 points has not been attempted. Insufficientdata in this region
precluded the possibility of defining a reliable curve.

The magnitudes of
%

and C
%

and the variation of these deriv-

atives with Mach number (fig. 7) show generally good agreement with wind-

tunnel datal (ref. 9) which were corrected for the momentum effects of
the intake air of the Jet engine. It should be pointed out that in the
Mach number region between 0.85 and 0.$30there is appreciable scatter
of C~ points, considerably above the experimental scatter, which may

be in accordance with the rapid variations with Mach number shown in

%he horizontal tail of the wind-tunnel model hadan NACA 65Ao07 air-
foil section, whereas the airplane had an NACA 65Ao03.5 airfoil section.
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references 10 and U.. It was not possible to verify the presence of the
rapid variations in

L
from a study of available wind-tunnel data

because of the lack of wind-tunnel test points within this iegion.

Extended Wing

The results of the analysis of the data for the extended-wing air-
plane (figs. 8 and 10) show the ssme general behavior of the individual
quantities plotted as functions of Mach nuniberas was discussed for the
original-wing configuration;consequently,detailed consideration of the
variation of the quantities with Mach number is omitted.

The decrease in period which occurred with decrease in altitude
(fig. 8) is primarily due to the corresponding increase in dynamic pres-
sure, overshadowingthe effect of decreasing Cma, which would tend to

increase the period.

If the aerodynamic derivatives of equation 3 were invariant with
altitude, the damping ratio { could be expected to increase as the
altitude is decreased. The increase in ~ with decrease in altitude at
subsonic speeds, as shown in figure 8, is considerably less than would
be obtained by a change in air density alone. This condition is attrib-
utable to the decrease in the magnitude of the damping derivative
(c% + c%) with decreasing altitude.

Pilot opinion indicated that the airplane, which did not have a
pitch damper, was unsatisfactory insofar as the longitudinal dynamic
behavior was concerned during simulated combat at altitudes varying from
40,000 to 30,000 feet. At supersonicMach numbers, the airplane had
initial rapid and abrupt response to control input followed by prolonged,
rapid short-period oscillations. At low subsonic Mach nwbers, the air-
plane had a slow initial response followed by prolonged slow oscillations
which required concentrationto eliminate. The most acceptable, but
still unsatisfactory, characteristicswere noticed in the vicinity of
M= 0.8. The results of the analysis have been plotted on a qualitative
rating chart (fig. 9) obtained from reference 12; pilot’s opinion showed
good qualitative agreement with the criteria of figure 9. Caution should
be used in attempting to evaluate the handling qualities of the airplane
with any simplified criteria, inasmuch as other factors such as control
system characteristics can have an important bearing on the overall air-
plane response characteristics. Insofar as the Militsxy Specification
(ref. 13) for dsmping characteristicsis concerned, the airplane did not
meet the specification that a combat airplane damp to one-tenth amplitude
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in one cycle (<
under emergency

NACA RM H56H03

= 0.343). If the airplane is considered to be flying
conditions, as the result of having an inoperativepitch

damper, the data of figure 9 imply the airplane would not meet the mini-
mum specificationthat the airplane dsmp to one-half smplitude in one
cycle (~ = O.11) during emergency (damper-inoperative)conditions at
combat ceiling, which in this instance is above 50,000 feet. However
it was found that the airplane was quite controllableeven though not
satisfactoryas a gun platfozm.

A comparison of the variation with Mach number of the flight-
determined values of C

L
and C

%
for an altitude of 40,000 feet with

those determined from unpublished Langley 8-foot high-speed tunnel data
(fig. 10) indicates good agreement in the transonic region and poor
agreement in the supersonic region.

The decreased magnitude of
CL

with decreased altitude (fig. 10)

is possibly due, to some extent, to aeroelastic effects. Although wind-
tunnel data do show that the slats cause a small change in the angle of
zero lift, the data do not indicate any nonlinearities in the plots of
CL against a within the angle-of-attackrange of the flight data; nor

do wind-tunnel data and incomplete flight data indicate any significant
influence of slats on

CL”

The C~ curves (fig. 10) show distinct altitude effects primarily

in the region of the transonic aerodynamic-centershift. A study of the
unpublished Langley 8-foot high-speed tunnel data in the region of the
transonic aerodynamic-centershift for these same altitudes suggests that
possibly these are angle-of-attackeffects.

The damping derivative
(%+ %)

shows dependency on altitude at

any one Mach number for its magnitude in the subsonic region. ‘IILLs
influence of altitude is possibly due to aeroelastic deformation of the
stabilizer, fuselage, and wing.

Influence of Wing-Tip Extensions

A summary of the results of the analysis for the two wing config-
urations at an altitude of 40,000 feet is presented in figures 11 and 12
to show the influence of the addition of wing-tip extensions to the
original wing. Influences are evident with respect to the period P,
the danping ratio c, and the derivatives C%, C%, and

(c% + c%) “
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The decrease in ~ resulting from the addition of the wing-tip
etiensions (fig. 11) is attributable primarily to the corresponding
negative increase in C& and the negative decrease in (Cmq+ c~~;

the Increase in
%

tends to increase the damping ratio. The reason

for the apparent negative decrease in (%+ %.)
is not clear, based

on available data.

The influence of wing-tip extensions on the static margin is shown
in figure 12. The static margin of the original-wing configuration
appears to be of the order of 0.105 at a Mach number of 0.85 and increases
to about 0.29E at a Mach number of 1.03. The measued differences in
the static margin resulting from the addition of wing-tiP e~ensi~s
were small and-probablywithin the accuracy
culation based on simple geometric concepts
in static margin due to wing-tip extensions

CONCLUSIONS

From the analysis of flight pulse data
wing and an extended wing-tip configuration
airplane, not equipped with a pitch damper,

of the data. A rough cal-
indicated a 0.03F increase
might be expected.

obtained for an original-
of a swept-wing fighter-t~e
over the Mach number range

of 0.36 to 1.46~.the following conclusions have been reached:

1. The longitudinal dynamic behavior of the airplane during simu-
lated combat maneuvers at altitudes of 30,000 to ~,000 feet was not
considered satisfactory,especially at supersonic speeds, because of
insufficientpitch dsmping.

2. The addition of wing-tip extensions resulted in a slight favor-
able shift in the aerodynamic center of the airplane. The static margin
of the wing with tip extensions is of the order of 12-percent mean aero-
dynamic chord in the subsonic region and 29-percent mean aerodynardc
chord at Mach numbers above 1.2.

3. Wind-tunnel data for the two wing configurations investigated
showed good agreement with transonic flight results for the lift-curve
slope and the static stability derivative ~; poor agreement was
evident in the supersonic region.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,

Edwards, Calif., July 23, 1956.
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TABLE I

PHYSICAL CEMMXER15TICS OF AIRFLANE

Original
-

wing:
Afrfoilsection...........................NACA64AO07’
Totaleree(includingaileron and 83.84sq ft covered
tyfuselage), si ft . . . . . . . . . . . . . . . . . . . . . . . . . .

Spen,l% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Meanaercdynedcchord,ft . . . . . . . . . . . . . . . . . . . . . . .
Rootchord,i% . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
!ripchcfrd,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
T.aperr8tio...............................
ABpSCtratiO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sweep at 0.25chordUne, ti6 . . . . . . . . . . . . . . . . . . . . . .
Incidence,deg . .: . . . . . . . . . . . . . . . . . . . . . . . . . .
Dihedral,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
oecmetricWiBt, aes . . . . . . . . . . . . . . . . . . . . . . . . . .
Aileron:
&es r~ dofhinge line(each), sq ft . . . . . . . . . . . . . . .
Spanatblnge l.ine(each),ft. . . . . . . . . . . . . . . . . . . . .
Chordreemmrd OfhimgeMne, p=cebtw*chofi . . . . . . . . . . .
Travel(each),”deg . . . . . . . . . . . . . . . . . . . . . . . . . .

Leading-edgeslat:
Span, equlw31ent,ft . . . . . . . . . . . . . . . . . . . . . . . . .
Se~nts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spanulse location,inboard end. -cent fiw s~sP~ w . . . . . . . .
Spenwle.elocation,’outbo.srdend, percent wing semlspan . . . . . . . .
Ratio of slat chord to wing chord (pmallel to

fus.elagereference l-l.ne),percent . . . . . . . . . . . . . . . . . .
Rotation, mximum, deg . . . . . . . . . . . . . . . . . . . . . . . .

Eorizcsltaltail:

576.02
36.38
11.33
15.e6
k.76
0.30
3.;;

o
0
0

19.32
7.81
25

*15

Iz .71
5

24.6
94.1

20
15

E%tended

NACA64ACQ7

385.21
38.58
u.16
15.86
4.15
0.262
3.%
J+5
o
0
0

19.52
7.81
25
f15

Ii?.71

23.;
89.2

20
15

Mrfoil section’. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NAM 65AoQ3.5
Total=ea (including31.65sq ft coveredby
fue.el.age),sqfi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spa?l,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keenaero@mfc chord, fi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Root ch.ard,ft.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
!rlpchord,ft....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
TsPer ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aapect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sveepat 0.25chord Mne, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tr8vel, leading edgeup, deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Travel, leadlmg edge down, deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fuselage:
L.=@ (afierb_r nozzle clOsa), ft . . . . . . . . . . . . . . . . . . . . . . . . .
Mexlmmwidth, ft....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maximmd th over canopy, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7Sidearea total), sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fineness ratio (dterb-rmzzl.e closed) . . . . . . . . . . . . . . . . . . . . . . .

Speed brake:
Surface area, sq ft . . . . .
Maximum deflection,deg . . .

Powerplent:
TurboJet engine . . . . . . .
Thru8t (gaarmtee sea level),
Mil.itary,lb . . . . . . . .
Normel, lb . . . . . . . . .

AIXTJlanevei.sht.lb:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

98.86
18.72
~.g

2;46
0.30
3.54

4>
0
5
25

45.64
g.;;
.

230.92
j’.%

14.14
XJ

. . . . . . . . . . . . One Pratt & Whitney m7-F7 with afterburner
afterburner,lb.. . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[
I&icwit%otf uel,oil,wet.er, pilot) . . . . . . . . . . . . . . . . . . . . . . . . .
Totel Wfuel, oil, water, pilot) . . . . . . . . . . . . . . . . . . . . . . . . . .

Center-of-gravitylocation,percent E:
Tote.lweight-gea.r down.... . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Total weight - get up..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .

15,0W
9,220
8,(XIO

19,662
24,&o

29.5
29.5
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Three-view drawing of airplane with original vertical tail
extended as well as the original wing. AU dimensions in
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(a) M = 0.62; hP = 10,400 feet; extended-wing configuration.

Figure 4.- Time histories of longitudinal oscillations induced by
stabilizer pulse.
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(b) M s 1.32;
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‘P = 35,700 feet; original-wing configuration.

Figure 4.- Concluded.
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Figure 6.- Period and damping characteristics of the airplane as functions
of Wch number at 40,000 feet. Original-wing configuration.
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Figure 7.- Variation of static and dynamic
tives with Mach number at 40,000 feet.
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longitudinal stability deriva-
Original-wing configuration.
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Figure 8.- Period and damping characteristics of the airplane at cliff erent
altitudes as functions of Mach number. Extended-wing configuration.
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Figure 10.- Variation of static and dynamic longitudinal stability deriva-
tives with Mach number at different altitudes. Extended wing-tip
configuration.
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